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Ontology 20 2 1 a b s t r a c t 22 To help clinicians read medical texts such as clinical practice guidelines or drug monographs, we pro-23 posed an iconic language called VCM. This language can use icons to represent the main medical con- 24 cepts, including diseases, symptoms, treatments and follow-up procedures, by combining various 25 pictograms, shapes and colors. However, the semantics of this language have not been formalized, and 26 users may create inconsistent icons, e.g. by combining the ''tumor'' shape and the ''sleeping'' pictograms 27 into a ''tumor of sleeping'' icon. This work aims to represent the VCM language using DLs and OWL for 28 evaluating its semantics by reasoners, and in particular for determining inconsistent icons. 29 We designed an ontology for formalized the semantics of VCM icons using the Protégé editor and 30 scripts for translating the VCM lexicon in OWL. We evaluated the ability of the ontology to determine 31 icon consistency for a set of 100 random icons. The evaluation showed good results for determining icon 32 consistency, with a high sensitivity. The ontology may also be useful for the design of mapping between 33 VCM and other medical terminologies, for generating textual labels for icons, and for developing user 34 interfaces for creating VCM icons. 35 1. Introduction 39 The enormous growth of knowledge and the increasing avail- 40 ability of online resources have made access to medical informa- 41 tion an important issue. Clinicians can be overwhelmed by the 42 amount of medical knowledge available; they have very limited 43 time to read clinical guidelines and drug dictionaries, and may 44 have difficulties in accessing large patient records. Reading medical 45 information and knowledge is particularly problematic as it is tra- 46 ditionally presented in a textual format, although it is well estab- 47 lished that a graphical presentation can be more efficient. Indeed, 48 Paivio [1] showed that verbal (i.e. textual) and non-verbal (i.e. im- 49 age) information are treated by different cognitive processes, with 50 different abilities. Various works have shown that graphical pre-51 sentations can be more efficient than textual ones in medicine 52 [2] [3] [4] . In a previous study [5] , we proposed VCM (Visualisation 53 des Connaissances Médicales, French acronym for Medical Knowl-54 edge Visualization), an iconic language for representing major 55 medical concepts: patients' clinical conditions, symptoms, dis-56 eases, physiological states, risks or antecedents of diseases, drug 57 and non-drug treatments, lab tests and follow-up procedures. 58 VCM has subsequently been used in a graphical interface for 59 accessing drug knowledge, and we have shown that it allowed 60 physicians to access drug knowledge faster and with fewer errors 61 than through a textual interface [6] . VCM was initially devoted to 62 drug knowledge, but has been recently extended for other medical 63 applications [7] , including Electronic Health Records (EHRs), deci-64 sion support systems and search engines. 65 The VCM language provides a graphical combinatory grammar 66 for generating icons from a restricted set of shapes, pictograms 67 and colors. For example, the icon for representing ''tumor of the 68 stomach'' is generated by combining a pictogram representing 69 the stomach, a red color (meaning current patient state), and a 70 square (meaning pathological state) with two cells in the process 71 of dividing (meaning tumor). 96 Consistency checking has been widely studied for auditing 97 medical terminologies [8] , and tracking inconsistent terms. Zhu 98 et al. [9] distinguished two categories of methods for searching 99 for inconsistent terms in a medical terminology: linguistic-based 100 methods searching for lexical inconsistency (e.g. is the word ''con-101 genital'' used consistently across a terminology of diseases?), and 102 ontological methods searching for inconsistent classifications (e.g. 103 is there a term classified as both a plant and an animal?). Both of 104 these types of method can rely either on extrinsic knowledge, i.e. 105 the terminology is compared to another source of knowledge such 106 as another terminology, or on intrinsic knowledge, i.e. the terminol-107 ogy's consistency is checked with regards to knowledge inferred 108 from the terminology itself, either manually or automatically. impractical. Therefore we preferred automated systematic onto-117 logical methods for checking icon consistency. Such methods typ-118 ically consist of (1) formally defining restrictions (also called rules 119 or constraints) that are derived from another terminology (in the 120 case of extrinsic knowledge) or that are implicit in the terminology 121 (in case of intrinsic knowledge), and then (2) searching for terms or 122 concepts violating these restrictions [9] . Ontologies represented 123 using formal languages, such as Description Logics (DLs) [10] , have 124 been frequently used for expressing the restrictions (mainly for 125 restricting the domains and ranges of relations) in these methods. 126 For example, diseases could be described as concepts that have for 127 finding site only anatomical sites, such that: ''have finding site'' is 128 the relation, ''disease'' is the domain, ''anatomical sites'' is the 129 range and ''only'' is the restriction on the range. The use of DLs 130 has several advantages including the possibility of exploiting ad-131 vanced inference services (satisfiability, subsumption, classifica-132 tion, consistency checking, instantiation and realization) [11] 133 provided by reasoners. 134 During the GALEN project [12] , these methods were applied by 135 Rector et al. [13] in the GALEN Representation And Integration Lan-136 guage (GRAIL) for restricting medical terminologies to sensible (i.e. 137 not non-sense) concepts. Similar methods have been applied, alone 138 or in combination with others, to many medical terminologies 139 including the Medical Subject Heading (MeSH) [14] , the Standard- . 164 The objective of the work reported here is to represent the VCM 165 language using DLs and OWL for evaluating its semantics by rea-166 soners, and in particular for identifying inconsistent icons. We will 167 first introduce the VCM language briefly. Then we will describe the 168 modeling choices for the ontology and the evaluation methodol-169 ogy. In the results section, we will describe the ontology and give 170 the evaluation results. Finally, we will discuss the difficulties 171 encountered when formalizing this iconic language, and the per- More details can be added to a simple disease or symptom icon. 206 We distinguished two types of disease and symptom: (1) those 207 specific to an anatomico-functional location, and they are repre-208 sented by using a modified central pictogram (e.g. vomiting is a 209 symptom specific to the stomach) and (2) those that are general 210 and involve a morphology that can occur in many anatomico-func-211 tional locations (e.g. tumor, infection or functional deficiency); 212 these are represented by adding a shape modifier to the square 213 basic shape (for instance, tumor is represented by two cells in 1 For interpretation of color in Fig. 1 , the reader is referred to the web version of this article. The first part, the graphical part, was automatically generated 253 from the lexicon of VCM colors, pictograms and shape modifiers. 254 The OWL file generated was then manually edited with Protégé for 255 adding the graphical constraints. The second part of the ontology, 256 the medical part, was modeled manually using the Protégé editor. shown that this DL family is decidable [33] . 315 The ontology is composed of three parts: The first part of the 316 ontology describes the VCM icons, and contains 240 classes, 21 317 relations and 2597 axioms. It includes concepts for the pictograms, 318 shapes and colors used in the VCM language, and graphical con-319 straints for assembling them into icons. In particular, graphical 320 constraints prevent icons with too many components (e.g. an icon 321 with two central pictograms) or overlapping shape modifiers (e.g. shape modifier was only allowed with organs and cells, but not Fig. 10 ). 425 
Discussion

426
In this article, we present a method for formalizing an iconic 427 language, i.e. a language that is graphical and not a textual, in used. This method is based on a three-part ontology, the first part 431 describing the icons, the second part describing the concepts they 432 mean, and the third part linking the icons to the concepts they 433 represent. The method was successfully applied to the VCM medi-434 cal iconic language. The evaluation indicated that it gave satisfac-435 tory results for determining icons consistency. The fact that we 436 were able to formalize the iconic language with success is an argu-437 ment in favor of the validity of the construction of the VCM Fig. 6 . Example showing how to represent the ''tumor of stomach'' icon in the VCM icon ontology. The first, graphical, part of the ontology is shown on the left, the second, medical, part on the right, and the third part relating the first two is in italics. Inverse relations are not shown, but can be easily deduced, e.g. ''is alteration of'' is the inverse relation of ''has for alteration''. Some restrictions are shown in the boxes and are expressed in English, using a syntax similar to that used in the Protégé editor. Fig. 7 . A sub-part of the TBox related to the concept Tumor_stomach_icon, corresponding to the example given in Fig. 6 . The concept Tumor_stomach_icon is defined as an Icon that has central_color Red, has a central_ pictogram Stomach_Pictogram, has a Square as Shape and has a Tumor_shape_modifier as shape_modifier.
438
language, which was initially partly intuitive. The ontology has al-439 ready contributed to the identification of several erroneous icons 440 in the VCM training software. In addition, the proposed method 441 seems to be sufficiently generic to be applied to other medical 442 and even non-medical iconic languages. 443 The problem of determining the consistency of icons is similar 444 to the detection of inconsistencies in medical terminologies, but 445 we also encountered several difficulties related to the graphical 446 nature of VCM. First, linguistic approaches are not well-suited to 447 iconic languages, and indeed they have mostly been applied to tex- when speaking about ''delivery'', it is understood that it is a drug 479 that is delivered, whereas in the gyneco-obstetric sublanguage, it 480 is a baby. For formalizing sublanguages, Johnson [37] proposed 481 the use of conceptual graphs extended with syntactic constraints. 482 For the particular case of pictures, two-dimensional grammars 483 have also been proposed [38] , such as tile rewriting grammars 484 [39] or random picture grammars [40] . However, these grammars 485 were developed for picture-recognition, and they consider pictures 486 as rectangular arrays of small squares (e.g. pixels). However, VCM 487 icons are vector images with several pictograms and shape modifi-488 ers that can overlap slightly; it would be very difficult to describe 489 them in terms of rectangular arrays. 490 We chose to formalize the structure of VCM using an ontology 491 rather than a grammatical formalism. Our choice was motivated 492 by the need for rich semantic constraints, for several of the main 493 categories of inconsistencies identified (see the end of the results 494 section). Category (1), graphical inconsistencies (e.g. overlapping 495 shape modifiers), could easily be dealt with using grammatical 496 constraints. By contrast, dealing with categories (4), (5) and (6) Ontology) [43] , and GFO (General Formal Ontology) [44] . Some (368 concepts and 18 relations). 541 We did not reuse domain ontologies because (a) many of these 542 ontologies are not well adapted to our requirements, e.g. the FMA 543 for anatomical concepts is very large (about 70,000 concepts com- 
